Background: Factors that may hamper access to mammographic screening in any given region include socioeconomic limitations and the geographical distribution and quality of the mammography machines. This study evaluated access to breast cancer screening within the Brazilian National Health Service (SUS), the geographical distribution of mammography equipment and the number of mammograms performed in Brazil. Methods: This ecological study evaluated the availability of mammography machines within the SUS, those available for Brazil as a whole, its macroregions, states and the Federal District in 2016. The number of mammography machines required for breast cancer screening was calculated and compared to the number of machines available. The expected number of mammograms was compared with the actual number performed. Machines were georeferenced based on their location and the municipal seat, according to healthcare region, with 60 km being defined as the maximum distance for an individual to travel for a mammogram. Results: In 2016, there were 4,628 mammography machines in Brazil. Of these, 4,492 were in use and 2,113 (47%) were available to the SUS. Considering the number of mammograms required as a function of the number clinically indicated, 2,068 machines would be required for breast cancer screening in Brazil. The network of machines available would be capable of producing 14,279,654 exams; however, only 4,073,079 exams were performed, representing 29% of the total capacity of production in the country in 2016. Regarding the maximum distance of 60 km to access a mammogram, only relatively small areas of Brazil were found not to meet this indicator. Conclusion: These results suggest that the difficulty of the Brazilian population in accessing breast cancer screening through the SUS is not associated with the number of machines available or with the geographical location of the equipment but rather with the insufficient number of mammograms performed.
Introduction
Breast cancer is the most common form of cancer in women and the major cause of death from cancer in this group (Bray et al., 2018) . Breast screening and early diagnosis can reduce mortality rates and the morbidity associated with treatment (Berry et al., 2005; Soares and Freitas-Junior, 2018) . Nevertheless, to be considered effective, a population-based screening program must periodically encompass at least 70% of the target population (WHO, 2018) .
Several factors may hamper access to mammography in a given geographical region, including socioeconomic inequalities and the geographical distribution and quality of the equipment (Lima-Costa and Matos, 2007; Vieira et al., 2017) . In developing countries, the problem is 1 compounded by the fact that human resources are limited, as are the consumables required for the equipment to function adequately, ultimately affecting productivity (Sopelete and Biscarde, 2013; Toledo et al., 2016; Vieira et al., 2017) .
In Brazil, women's healthcare programs and services began to be implemented following the introduction of policies aimed at democratizing and decentralizing healthcare in the country (Paim et al., 2011; Passman et al., 2011) . The "Pact for Health" (Brasil, 2006 ) gave rise to a new phase of development within the Brazilian National Health Service (Sistema Único de Saúde, SUS), with a focus on regionalization, negotiation and agreement in the processes of political and territorial organization, leading to the formation of geographical healthcare regions (Vianna et al., 2010; Lima et al., 2012a; Lima et al., 2012b) .
Currently, there is a regional planning director for each Brazilian state and for the Federal District, a strategy that divides the territory into health regions, promoting decentralization and improving the management of various public health sectors. In addition, it permits analyses more closely focused on planning and on the required interventions, including access to mammography (Brasil, 2002; Viacava et al., 2012) .
Each healthcare region is expected to ensure that a sufficient number of mammography machines are available to meet the requirements of the target population, taking into consideration a maximum distance of 60 kilometers (Brasil, 2015; Amaral et al., 2017) between the equipment and the place of residence of this population. Nonetheless, no systematic evaluations of breast cancer screening coverage within the SUS or of the difficulties experienced in accessing mammography in Brazil have yet been performed. Therefore, the objective of this study was to evaluate access to mammography and the number of mammograms performed within the Brazilian public healthcare system, as well as the geographical distribution of mammography machines.
Materials and Methods
This was an ecological study in which the unit of observation was the number of mammography machines available to the SUS and to the resident population of Brazil, its macro-regions, states and the Federal District in 2016.
Data on the number of mammography machines were collected from the National Register of Health Establishments (CNES/DATASUS) and refer to data available in October 2016 (Brazil, 2016a) . Both analog and digital mammography machines were taken into consideration. Regarding the resident population and women in the specified age range, data on the projected population for 2016 were extracted from the Brazilian Institute of Geography and Statistics (IBGE) database (IBGE, 2013) .
Study area
The areas analyzed in the present study were Brazil as a whole, its macro-regions, states and the Federal District. Brazil is a country of continental proportions, with a total area of 8,515,767,049 square kilometers (IBGE, 2016) . For 2016, the Brazilian population was estimated at 206 million inhabitants (IBGE, 2013) , distributed across five macro-regions: the north, northeast, southeast, south and Midwest of the country. These macro-regions are divided into 26 states and a Federal District, which, in turn, encompass 438 health regions (Brazil, 2002) .
Calculation of the number of mammography machines required
The number of mammography machines required to meet the demands of the target population was calculated according to Ministry of Health Ordinance GM/MS No. 1631 issued on October 1, 2015, which takes into consideration the age group for which screening is indicated and the capacity of production of the equipment (Brazil, 2015) . The expected number of mammograms per year was calculated according to equation 1 and the required number of machines was calculated using equation 2: Equation 1 NM = D1 + OI + BCS +D2 where: NM = necessary number of mammograms/year. D1 = number of diagnostic mammograms to be performed (10% of the female population in the 40-49-year age group).
OI: other indications for performing a mammogram (10% of the female population in the 40-49-year age group).
BCS: breast cancer screening (50% of the female population in the 50-69-year age group).
D2: number of diagnostic mammograms to be performed (8.9% of the female population in the 50-69-year age group).
Equation 2
Nm = NM/6,758 where: Nm = necessary number of mammography machines/ year. NM = necessary number of mammograms/year. 6,758 = 80% of the capacity of production of exams/ year per machine (Nelson et al., 2016) .
Evaluation of access
Sixty kilometers was defined as the maximum distance an individual should have to travel to undergo mammography, respecting the territorial limits of the health regions (Brasil, 2015; Amaral et al., 2017) . Based on this parameter, the areas in which the population has access to the equipment available within the SUS network were outlined to evaluate the geographical access of the target population to the exam.
The machines were georeferenced according to their location and the municipal seat. The geographical coordinates were obtained from the data linked to the IBGE code for the municipality and mapping was performed using the ArcGIS spatial analyst software, version 10.2.2.
Performance of the exams
The capacity of production of exams within the SUS network, calculated according to Equation 1, was compared with the number of mammograms performed in 2016. The number of mammograms performed was obtained from the DATASUS outpatient data system (SIA) using the variable "approved value" provided by the State Health Departments (Brasil, 2016b) .
Statistical analysis
To evaluate the association between the distribution of the female population aged 50 to 69 years and the number of mammography machines in each health region, the two variables were normalized to values ranging from 0 to 28% in the northeast, 39% in the southeast, 18% in the south and 8% in the Midwest.
In the individual states and the Federal District, the number of machines available ranged from 3 in Acre and Roraima to 391 in São Paulo. Mammography machines were available for use within the SUS in 405 (92.5%) of the 438 health regions in the country, with the number of machines ranging from 1 to 57 in each region in which there was equipment (Figure 1) .
Consolidation of the data from the health regions per states and the Federal District, macro-regions and the entire country showed that 2,068 machines would be required to meet the demands of the target population defined in the Ministry of Health's Ordinance GM/MS 100 in which the health region with the smallest female population of 50-69 years of age was awarded a value of 0 and the largest a value of 100. The same was performed for the number of mammography machines. Following normalization of these two variables, linear regression analysis was performed.
Results
According to the CNES/DATASUS data, there were 4,628 mammography machines registered in Brazil in 2016. Of these, 4,492 were in use and 2,113 (47%) were available for use within the SUS network. Of those available to the SUS, 6% were in the north of the country, 1631. Although 2,113 machines were available within the SUS network, reflecting a surplus of 45 machines, when the macro-regions were analyzed individually a deficit of 141 devices was found for the southeast of the country (Table 1) . A similar deficit was found when the states and the Federal District were analyzed individually, with an insufficient number of machines being found in nine states. In six of these states (Roraima, Acre, Pará, Maranhão, Rio de Janeiro and São Paulo), only 60-79% of the total number of machines required was actually available and in another three (Amapá, Ceará and Paraná) between 80 and 90% of the required number was actually available. Findings were similar in the Federal District where only 66% of the recommended number of machines was available.
Although the number of machines available to the SUS in Brazil is theoretically sufficient for 14,279,654 exams to be performed, only 4,073,079 mammograms were actually performed, representing 29% of the total production capacity in the country in 2016 (Table 1) : 35% in the south of the country, 31% in the southeast, 30% in the northeast, 15% in the Midwest and 13% in the north. When stratified according to the individual states, production ranged from 2% of the total production capacity in Amapá to 40% in Bahia. In the Federal District, only 1% of the total production capacity of the machines available within the SUS network was achieved ( Figure 2) .
As shown in Figure 3 , the value obtained in the regression analysis (R2=0.6741) indicates that the association between the geographical distribution of the mammography equipment and the population living in the health regions is reasonably precise. The angular coefficient with a value close to 1 (1.1437) indicates that the accuracy of distribution is excellent, with the intercept of 5.3921 showing a weak tendency towards the population being slightly too big to be served by the number of machines available in the health regions.
Based on the parameter of 60 kilometers as being the maximum distance between an individual's home and a machine, with the territorial limits of the health regions in which there were machines being respected, the spatial coverage of the network of mammography machines available for use within the SUS network in 2016 was found to be complete in the southern and southeastern macro-regions of the country and in several of the states in the northeast. On the other hand, coverage was incomplete in the north and Midwest (Figure 4) .
The machines available within the SUS network currently serve 81% of Brazilian municipalities, with 4,502 of the municipal seats being within the area of spatial coverage. Analyzing the size of the target population residing within 60 kilometers of a mammography machine, it was found that spatial coverage encompassed 94% of this population. Figure 5 shows the evaluation of the distance of 60 kilometers per state.
Discussion
In the present study, the difficulties involved in accessing breast cancer screening were stratified into various well-established quantitative parameters, permitting critical analysis of Brazil's current situation. Mammography coverage within the SUS is presently around 25%, as reported in several population-based studies (Correa et al., 2011; Freitas-Junior et al., 2016) . Consequently, monitoring mammography coverage may help in the elaboration of public policies aimed at consolidating breast cancer screening.
The geographical factor and the need for an individual to travel a considerable distance to undergo screening limit access to breast cancer screening. In countries of continental dimensions such as Brazil, this limitation may hamper actions aimed at early breast cancer detection (Sopelete and Biscarde, 2013; Toledo et al., 2016) . Nevertheless, in this study, the geospatial evaluation conducted by health region showed that 94% of the target population had access to screening. On the other hand, evaluation according to each state and the Federal District showed that spatial coverage failed to reach 70% of the target population only in the states of Tocantins, Rondônia and Amapá, all situated in the north of the country.
The use of the indicator of 60 kilometers' distance to define geographical access should be viewed with caution, since an individual would have to travel this distance at least four times -there and back to undergo examination and there and back once again to obtain the results of the exam. Therefore, according to the government, having to travel 240 kilometers would be acceptable. However, in real life, this total distance could represent an important barrier preventing women from undergoing breast cancer screening, a situation further aggravated by the difficulties posed by educational, financial and organizational barriers.
The present study identified an unequal distribution of mammography machines across the country, with a surplus of equipment in 17 states and a deficit in 9 states and in the Federal District. These results could be explained by the methodology used in which the number of devices required was calculated based on the indicator number of devices required for a target population in accordance with the current parameters established by the Ministry of Health (Brasil, 2015) .
Therefore, the present findings suggest that the poor mammography coverage in Brazil is not related to a lack of equipment or to the geographical distribution of the equipment. Nevertheless, our findings are in agreement with those of previous studies showing that the number of mammograms performed is low (Viana et al., 2010; Tabar et al., 2011; Lima et al., 2012a; Sopelete and Biscarde, 2013; Tomazelli and Silva, 2017) .
This low productivity is not in line with the capacity of the mammography machines available within the country. In 2016, there was capacity for 14,279,654 mammograms, while only 4,073,079 exams were performed. Therefore, only 29% of the target population was able to access mammography, while another 9,899,410 exams failed to be carried out despite the existence of the necessary equipment. The lack of human resources and, in many cases, a lack of the consumables required for breast screening to be adequately performed are additional factors that hamper productivity (Brasil, 1990; Lima-Costa & Matos, 2007; Toledo et al., 2016; Vieira et al., 2017) .
Although the number of exams performed was small, according to government figures the Brazilian National Health Service paid around R$184 million for mammograms in 2016 . In view of the investments made and the importance of mammography for the early detection of breast cancer, more vigorous public health policies are required to ensure access of the population to good quality mammograms with the lowest possible risk (Viacava et al., 2012) .
Measures were adopted to minimize the limitations of this study, since there is a possibility that some of the mammography devices registered in the National Health Service database could have been counted twice (analog, stereotaxis, and/or digital). In addition, issues such as devices embargoed by an official organ or broken devices could have led to an overestimation of the number of machines available.
Finally, it has to be taken into consideration that the principles established by the SUS of universal and integrated healthcare depend on various determinants, including, principally, reducing social inequalities (Viana et al., 2010; Youlden et al., 2012) . Therefore, considering all the investments in health and the advances made in relation to increasing offer within the network of services made available by the SUS, it is clear that the population's access to these healthcare services, which is affected by the social inequalities determined by the idiosyncrasies of each region, continues to represent a challenge for public policies in the country (Viana et al., 2010; Youlden et al., 2012) .
In conclusion, access remains difficult and the production of mammograms within the Brazilian public healthcare system is insufficient. The spatial coverage of the network of mammography machines could be considered adequate despite inequalities in the geographical distribution of these machines.
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